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Background: The association of antihypertensive drugs with the risk and severity of COVID-19 remains
unknown.

Methods and Results: We systematically searched PubMed, MEDLINE, The Cochrane Library, Cochrane
Central Register of Controlled Trials (CENTRAL), ClinicalTrials.gov, and medRxiv for publications before
July 13, 2020. Cohort studies and case-control studies that contain information on the association of
antihypertensive agents including angiotensin-converting enzyme inhibitors (ACEls), angiotensin II

ii{‘i/;urd;tensive drues receptor blockers (ARBs), calcium-channel blockers (CCBs), 3-blockers, and diuretics with the risk and
COVlg})19 & severity of COVID-19 were selected. The random or fixed-effects models were used to pool the odds ratio

(OR) with 95% confidence interval (CI) for the outcomes.

The literature search yielded 53 studies that satisfied our inclusion criteria, which comprised
39 cohort studies and 14 case-control studies. These studies included a total 0f 2,100,587 participants. We
observed no association between prior usage of antihypertensive medications including ACEIs/ARBs,
CCBs, B-blockers, or diuretics and the risk and severity of COVID-19. Additionally, when only
hypertensive patients were included, the severity and mortality were lower with prior usage of ACEIs/
ARBs (overall OR of 0.81, 95% CI 0.66—0.99, p < 0.05 and overall OR of 0.77, 95% CI 0.66—0.91, p < 0.01).
Conclusions: Taken together, usage of antihypertensive drugs is not associated with the risk and severity
of COVID-19. Based on the current available literature, it is not recommended to abstain from the usage of
these drugs in COVID-19 patients.

Registration: The meta-analysis was registered on OSF (https://osf.io/ynd5g).
© 2020 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.

Meta-analysis

Severe acute respiratory syndrome
coronavirus 2

SARS-CoV-2

Introduction

The 2019 coronavirus disease (COVID-19) pandemic is caused
by the novel and highly infectious severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). As of August 30, 2020,
there were 25,099,237 confirmed cases globally and 844,176
deaths from the disease [1]. Emerging evidence has demonstrated
a relatively elevated mortality in patients with preexisting
cardiovascular comorbidities [2,3].
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E-mail addresses: nchiamvimonvat@ucdavis.edu (N. Chiamvimonvat),
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Viral infection occurs when the S protein of SARS-CoV-2 binds
to the host angiotensin-converting enzyme 2 (ACE2) receptor to
gain entry into the cells [4]. ACE2 serves a crucial role in the
counter regulation of the blood pressure regulating system—the
renin-angiotensin-aldosterone system (RAAS) pathway—by pri-
marily degrading angiotensin Il to angiotensin-(1-7), thereby
attenuating the effects of angiotensin II [5]. In patients with
cardiovascular disease, ACE2 expression may be differentially
regulated not only by diseased states [6,7], but also by commonly
prescribed antihypertensive medications [8-12].

Previous evidence has suggested that antihypertensive drugs
such as angiotensin-converting enzyme inhibitors (ACEIs) and
angiotensin Il receptor blockers (ARBs) can elevate ACE2 expres-
sion [8-10], which may increase susceptibility to and worsen the
prognosis of COVID-19. Due to the high prevalence of COVID-19 in
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patients with preexisting cardiovascular conditions such as
hypertension [13-16], coronary artery disease, and congestive
heart failure [17], the usage of these antihypertensive drugs
warrants great concerns. Indeed, controversy remains regarding
the usage of these antihypertensive medications on the vulnerable
population. We postulated that there may be an association
between the usage of antihypertensive medications and the
incidence and severity of COVID-19 due to the high mortality of
patients with cardiovascular comorbidities.

To this end, we designed a meta-analysis to address whether
there is an association of antihypertensive medications and the
incidence and severity of COVID-19. In addition to ACEIs and ARBs,
we also investigated other antihypertensive drugs [calcium
channel blockers (CCBs), [3-blockers, and diuretics] to evaluate
whether these drugs may potentially be better substitutes for
ACEIs/ARBs in the event that ACEIs/ARBs had a significant, negative
association with COVID-19. We comprehensively searched through
large databases to acquire relevant studies. We performed meta-
analyses on 53 studies, 39 of which were cohort studies and the
remaining 14 were case-control studies.

Methods

The meta-analysis was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) and Meta-analysis Of Observational Studies in
Epidemiology (MOOSE) guidelines.

Literature search and inclusion criteria

A comprehensive search strategy was designed to retrieve
relevant data from published literature. Our objective was to
identify all randomized controlled trials (RCTs), cohort studies, and
case-control studies that contain information on the association of
antihypertensive agents including ACEIs, ARBs, CCBs, 3-blockers,
and diuretics, with the risk and severity of COVID-19. We
systematically searched PubMed, MEDLINE, The Cochrane Library,
the Cochrane Central Register of Controlled Trials (CENTRAL),
ClinicalTrials.gov and medRxiv for publications before July 13,
2020. We also searched conference proceedings and performed
manual reference list searching to acquire relevant papers.

Medical subject headings (MeSH) terms and keywords includ-
ing randomized controlled trial, case-control study, cohort study,
angiotensin-converting enzyme inhibitor, angiotensin II receptor
blockers, calcium-channel blockers, beta-blockers, diuretics, anti-
hypertensive agents, ACEIs, ARBs, coronavirus, 2019-nCoV, COVID-
2019, and SARS-COV-2 were used. This review was not restricted to
studies conducted in the English language; it includes reports from
any countries that satisfy the inclusion criteria.

To be included in the analysis, the study had to fulfill the
following criteria: 1) RCTs (open-label, single-blind, double-blind,
or parallel group studies); 2) Cohort studies; 3) Case-control
studies; 4) Studies that report anti-hypertensive medication data.

Studies were excluded from meta-analysis if they were: 1)
Animal studies or in vitro studies; 2) Studies that did not report the
usage of anti-hypertensive medications; 3) Full texts that could not
be sourced; 4) Review papers; 5) Case reports; 6) Studies with
unrelated outcomes or unreported outcomes; 7) Cross-sectional
studies; 8) Clinical Trial Registries.

Data collection and outcome measures

Bibliographic details and abstracts of all citations retrieved by
the literature search were downloaded to Endnotes X9. All studies
were screened and evaluated by two independent reviewers (LR,
PNT), which were then checked by a third reviewer (SY).

Discrepancies were resolved by discussion in group conferences.
Completed data were then thoroughly checked by two additional
reviewers (WX, JLO). Data including first author, year of publica-
tion, country where studies took place, study type, number of
participants, number of hypertensive patients, age, seX, follow-up
duration, type of antihypertensive drugs, and outcomes were
extracted using a standardized form and presented in table format.
We used the adjusted OR if the information was available from the
studies. If the reports did not provide adjusted OR, we used the
crude OR. We calculated all the crude ORs when not provided. We
were unable to adjust for age, sex, and/or underlying conditions,
due to lack of information from the studies. Additionally, some of
the studies used hazard ratio (HR) or adjusted HR. Table 1 provides
further information on which information was used for each study.

Study quality assessment

Newcastle-Ottawa Quality Assessment Scale was used to assess
the quality of cohort studies and case-control studies. The
assessment was performed by two independent reviewers (WX,
JLO) and further verified by two additional reviewers (LR, PNT).
Discussion was performed if obvious discrepancies existed in
assigning the study quality assessment. An additional reviewer
was consulted when necessary (SY). The completed information is
provided in Online Tables 1 and 2.

Population selection

This meta-analysis focuses on determining the association
between taking antihypertensive drugs and the risk and severity of
COVID-19 in both non-hypertensive and hypertensive patients. We
first screened for studies to include (Fig. 1). Fig. 2 focuses on ACEIs/
ARBs in the whole population taking these antihypertensive
medications. Fig. 3 evaluates these drugs specifically on hyperten-
sive patients. Fig. 4 extends the meta-analysis to the whole
population taking other antihypertensive medications. If “hyper-
tensive patients” was not mentioned for the patient population,
then it can be assumed that the patient population includes both
hypertensive and non-hypertensive patients.

Statistical analysis

Outcomes were summarized as odds ratio (OR). Fixed-effects or
random-effects model were used to pool the OR with 95%
confidence interval (CI) for the outcomes. If I <40%, studies were
considered homogeneous and fixed-effects model of meta-analysis
were used. If 2 >40%, the heterogeneity was high, so a random-
effects model was used. I statistics was included in all the meta-
analyses performed, which is a percentage of variance attributed to
study heterogeneity. Sensitivity analyses were also included.
Publication bias was assessed by funnel plots. Meta-analyses were
performed with STATA 16 (Stata, College Station, TX, USA). Leave-
one-out meta-analyses were performed with OpenMeta[Analyst]
(CEBM, Brown University, Providence, RI, USA).

Results
Process of identifying eligible studies and assessing study quality

The PRISMA flowchart (Fig. 1) includes the summary of the
study selection process and search results. We initially screened
309 records using the studies’ titles and abstracts. A total of
140 studies were identified after removal of duplicate records. Of
these remaining records, 71 studies were removed, since they were
animal studies, review papers, commentaries, part of a registry, or
the full texts were not available, which left us with 69 records.



Table 1

Study Characteristics.

Study Country Study Type Number of Number of Age Male Study Drugs Outcomes 0Odds Ratio (OR)
Participants Hypertension (years) Duration
Patients (days)
Andrea et al. (2020) [32] Italy Single-Center Cohort 191 96 634 68.6% 28 ACEI, ARB All-cause mortality Crude OR
Study
Ayed et al. (2020) [33] Kuwait Cohort Study 103 36 53 85.5 80 ACEI, B-blockers Mortality Crude OR
Bean et al. (2020) [34] UK Cohort Study 1200 645 67.96 57.2% 21 ACEI, ARB Death or transfer to ICU Adjusted OR
Bravi et al. (2020) [35] Italy Case-Control Study 1603 543 58.0 47.3% 24 ACEI, ARB Mortality and severity Adjusted OR
Chang et al. (2020) [36] USA Case-Control Study 26602 - - 44% 98 ACEI, ARB COVID-19 Infection, Crude OR
hospitalization and severity
Choi et al. (2020) [37] Korea Retrospective Case- 1585 1585 65 42.7% 116 ACEI, ARB Severe infection or all-cause Adjusted OR
control Study mortality
De Abajo et al. (2020) [38] Spain Case-Control Study 1139 617 69.1 61% 24 RAAS inhibitors Admission to hospital Adjusted OR
De Spiegeleer et al. (2020) [39] Belgium Retrospective Multi- 154 39 85.9 33.1% 47 ACEI, ARB Serious COVID-19 or death Adjusted OR
Center Cohort Study
Dublin et al. 2020 [40] USA Cohort study 322044 66443 51 46% 106 ACEI, ARB, CCB, COVID-19 Infection and Adjusted OR
B-blockers, diuretics hospitalization
Ebinger et al. (2020) [41] USA Case-control Study 442 161 52.7 58% 25 ACEI, ARB COVID-19 illness severity Adjusted OR
Felice et al. (2020) [19] Italy Cohort study 133 133 73 28% 22 ACEI, ARB Mortality, ICU admission, Adjusted OR
hospital admission
Feng Yun et al. (2020) [42] China Case-Control Study 476 113 53 56.9% 45 ACEI, ARB Severity of COVID-19 Crude OR
Feng Zhichao et al. (2020) [43] China Retrospective, 564 82 47 50.4% 15-57 ACEI, ARB COVID-19 illness severity Adjusted OR
Observational, Multi-
Center Cohort Study
Fosbal et al. (2020) [44] Denmark Retrospective Cohort 4480 843 54.7 55.1% 30 ACEI, ARB Mortality and severity Adjusted HR
Study
Fosbel et al. (2020) [44] Denmark Case-control Study 6281 6281 73.9 54.3% 94 ACEI, ARB, CCB Incidence rate of COVID-19 Adjusted HR
Gao et al. (2020) [45] China Retrospective Cohort 2877 850 58 51% 30-50 RAAS inhibitors All-cause mortality Adjusted HR
Study
Golpe et al. (2020) [46] Spain Cohort Study 539 157 70.4 45.8% 23 ACEI, ARB Hospitalization Adjusted OR
Huh et al. (2020) [47] South Korea  Retrospective case- 65149 21370 44.6 49.44% NA ACEI, ARB Drug association with risk of Adjusted OR
control cohort study COVID-19
Imam et al. (2020) [48] USA Cohort Study 1305 734 61 53.8% 32 ACEI, ARB Mortality Adjusted OR
Ip et al. (2020) [49] USA Case-Control Study 3017 1584 NA NA NA ACEI, ARB, non-ACEI/ Severity and mortality Crude OR
ARB drugs
Jung et al. (2020) [50] South Korea  Cohort Study 5179 1157 44.6 44% Before RAAS inhibitors Mortality rate Adjusted OR
April 8
Jurado et al. (2020) [51] Spain Case-Control Study 574 290 63.2 59.4% 21 ACEI, ARB COVID-19 illness severity Crude OR
Khawaja et al. (2020) [52] UK Prospective Cohort 406793 135604 68 45% 30 ACEI, ARB, CCB, Hospitalization with COVID-19  Adjusted OR
Study B-blockers, diuretics
Khera et al. (2020) [53] USA Cohort Study 10196 10196 69 and 77 47.5% and 59 and 127 ACEI, ARB COVID-19 infection and Hazard ratio
45.4% mortality
Li Juyi et al. (2020) [54] China Case-Control Study 1178 362 55.5 46.3% 51 ACEI, ARB, CCB, COVID-19 mortality and Crude OR
B-blockers severity in patients with
hypertension
Li Xiaochen et al. (2020) [55] China Cohort Study 548 166 60 50.9% 26-36 ACEI, ARB Severity Crude OR
Liabeuf et al. 2020 [56] France Cohort Study 268 152 73 58% 44 ACEI, ARB, diuretics ICU admission, death Adjusted OR
Liu et al. (2020) [57] China Retrospective Cohort 78 78 65.2 55.1% 26-64 ACEI, ARB, CCB, COVID-19 illness severity Adjusted OR
Study B-blockers, thiazide
Lo pez-Otero et al. (2020) [58] Spain Cohort Study 965 298 59.5 43.9% 28 ACEI, ARB Mortality, hospitalization and ~ Adjusted OR
ICU admission
Mancia et al. (2020) [20] Italy Case-Control Study 37031 NA 86 63% 20 ACEI, ARB, CCB, COVID-19 illness severity Adjusted OR
3-blockers, diuretics
Mehta et al. (2020) [59] USA Retrospective Cohort 18472 NA 49 40% 36 ACEI, ARB COVID-19 infection; Adjusted OR

Study

hospitalizations, ICU
admissions, mechanical
ventilation
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Table1 (Continued )

Study Country Study Type Number of Number of Age Male Study Drugs Outcomes 0Odds Ratio (OR)
Participants Hypertension (years) Duration
Patients (days)
Meng et al. (2020) [60] China Cohort Study 417 51 64.5 57.10% 43 ACEI, ARB, non-ACEI/ COVID-19 Infection Crude OR
ARB drugs
Morales et al. (2020) [61] Multinational Cohort Study 11 M 11M - - 92 ACEI, ARB, CCB, COVID-19 Infection Adjusted HR
diuretics
Nguyen et al. (2020) [62] USA Cohort Study 689 372 55 43% 71 ACEI, ARB, CCB, Mortality and hospitalization Adjusted OR
B-blockers, diuretics
Oussalah et al. (2020) [63] France Cohort Study 149 75 65 61% 31 ACEI, ARB Mortality rate Adjusted OR
Palaiodimos et al. (2020) [64] USA Retrospective Cohort 200 152 64 49% 21 ACEI, ARB In-hospital death Adjusted OR
Study
Raisi-Estabragh et al. (2020) [65] UK Cohort Study 1474 728 69.3 53.40% 29 ACEI, ARB COVID-19 infection Crude OR
Regina et al. (2020) [21] Switzerland Retrospective 200 87 70 60% >14 ACEI, ARB Need for mechanical Crude OR
Observational Study ventilation at day 14
Rentsch et al. (2020) [18] USA Retrospective Cohort 3789 2463 65.7 90.2% 50 ACEI, ARB Infection, hospitalization, ICU  Adjusted OR
Study admission
Reynolds et al. (2020) [66] USA Retrospective Cohort 12594 4357 49 41.50% 45 ACEI, ARB, CCB, Severity and mortality Adjusted OR
Study B-blockers, thiazide
diuretics
Rossi et al. (2020) [67] Italy Prospective Cohort 2653 430 63.2 50.1% 14-28 ACEI, ARB Hospitalization and mortality =~ Hazard ratio
Study
Sardu et al. (2020) [68] Italy Cohort Study 62 62 58 41% NA ACEI, ARB, CCB Mortality and ICU admission Crude OR
Senkal et al. (2020) [69] Turkey Cohort Study 611 249 57 59.4% 64 ACEI, ARB Severity Adjusted OR
Solaimanzadeh et al. (2020) [22] USA Retrospective Study 65 22 75.3 49.2% 45 CCB Survival to discharge, severity, Crude OR
mechanical ventilation, and
mortality
Tan et al. (2020) [70] China Retrospective Cohort 204 100 NA NA 72 ACEI, ARB Mortality rate Crude OR
Study
Tedeschi et al. (2020) [71] Italy Cohort Study 609 311 68 68% 41 ACEI, ARB Mortality rate Adjusted HR
Trecarichi et al. (2020) [72] Italy Single-Center Cohort 50 - 80 57.1% 41 ACEI, ARB Mortality rate Adjusted OR
Study
Yan et al. (2020) [73] China Case-Control Study 49277 9992 49.9 48.3% 49 ACEI ARB, CCB, Risk and severity of COVID-19  Adjusted OR
B-blockers, diuretics
Yang et al. (2020) [74] China Retrospective Cohort 251 126 66.1 49.1% 57 ACEI, ARB, non-ACEI/ Discharge, mortality, length of Crude OR
Study ARB drugs stay
Zeng et al. (2020) [75] China Retrospective, Single- 274 75 60 55% 14-62 ACEI, ARB, non-ACEI/ Severity and mortality Crude OR
Center, Observational ARB drugs
Study
Zhang et al. (2020) [76] China Retrospective, Multi- 1128 1128 64 53.4% 15-66 ACEI, ARB Mortality rate Hazard ratio
Center Study
Zhou Feng et al. (2020) [77] China Cohort Study 3572 - 66 51.1% 28 ACEI, ARB Mortality rate Adjusted HR
Zhou Jiandong et al. (2020) [78]  China Cohort Study 1043 108 35 54% 145 ACEI, ARB ICU admission Adjusted OR
Zhou Xian et al. (2020) [79] China Cohort Study 110 36 57.7 54.5% 27 ACEI, ARB Mortality rate Crude OR

16728 (1202) 2.2 AS0j01p.n) Jo [puinof/ b 32 uay

Characteristics of patient population, study type, treatment intervention, and outcomes are displayed. We also indicated the type of ORs used for each study. ACEI, Angiotensin-Converting Enzyme Inhibitor; ARB, Angiotensin II
Receptor Blocker; CCB, Calcium-Channel Blocker; OR: Odds Ratio; ICU, Intensive Care Unit.
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Fig. 1. Process of identifying eligible studies. We searched for relevant studies using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses approach.

After the exclusion of 16 studies that were assessing unrelated
outcomes and/or were cross-sectional studies and a thorough
review according to the inclusion and exclusion criteria, 53 records
satisfied our requirements. We included 39 cohort studies and
14 case-control studies. No RCTs were identified. The studies that
were included were subjected to the Newcastle-Ottawa Quality
Assessment, which is reported in Online Tables 1 and 2. Studies
deemed low quality (less than or equal to 4 stars) by independent
reviewers were excluded.

Characteristics of studies, patients, and interventions

Table 1 describes the overall characteristics of the studies. We
included the first author, year of publication, country, study type,
number of participants, number of hypertensive patients, age, sex,
follow-up duration, type of antihypertensive drugs, and outcomes.
We included a total of 35 studies that investigated ACEIs and ARBs,
while the other 18 focused on ACEIs, ARBs, or other antihyperten-
sive drugs (CCBs, [3-blockers, and diuretics). There was a total of
2,100,587 participants across all 53 studies. Studies were
conducted in a variety of countries, predominantly in the USA
and China, but also included Spain, Italy, and the United Kingdom.
There was an equal number of males and females for most studies,
however, one study had 90.2% male participants [18] and another
had 28% male participants [19]. On average, most studies included
middle-aged participants, but three trended more toward elderly
participants [20-22]. Study durations varied, with the shortest
being 14 days and the longest being 145 days. The outcomes of
these studies included incidence, hospitalization, severity, and
mortality. Incidence was defined as patients who took antihyper-
tensive medications and tested positive for COVID-19, while
severity was defined as a combination of hospitalization, intensive

care unit (ICU) admission, and mortality. Severity was then further
broken down into their individual components for analysis.

Incidence and severity of COVID-19 with ACEIs/ARBs

We performed meta-analyses on the incidence (26 studies),
severity (40 studies), hospitalization (23 studies), ICU admission
(12 studies), and mortality (38 studies) of COVID-19 in patients
with prior usage of either ACEI, ARB, or a combination of both
(Fig. 2). As shown in the forest plots, there was no association with
the incidence (overall OR of 0.96, 95% CI 0.86-1.08), severity
(overall OR of 0.92, 95% C1 0.77-1.11), hospitalization (overall OR of
1.09, 95% CI 0.91-1.31), ICU admission (overall OR of 1.19, 95% CI
0.85-1.66), or mortality (overall OR of 0.92, 95% CI 0.74-1.13).
Overall heterogeneity between trials was observed with incidence
(I? = 88.40%), severity (I> = 83.08%), hospitalization (I* = 70.27%),
ICU admission (I? = 56.64%), and mortality (I*> = 84.72%). Together,
these data suggest that there was no association between prior
drug usage and risk or severity of COVID-19 in patients taking
ACEIs/ARBs.

Incidence and severity of COVID-19 with ACEIs/ARBs in hypertensive
patients

We further conducted meta-analyses of severity and mortality
of COVID-19 with prior usage of ACEls, ARBs, or ACEI/ARBs in
hypertensive patients (Fig. 3). We observed a significant decrease
in severity (overall OR of 0.81, 95% CI 0.66-0.99, p < 0.05) and
mortality (overall OR of 0.77, 95% CI 0.66-0.91, p < 0.01) in favor of
ACEIs/ARBs. The heterogeneity between trials was observed with
severity (I? = 50.52%) and mortality (I = 46.96%). Together, these
data suggest that prior usage of ACEIs/ARBs in hypertensive



L. Ren et al./Journal of Cardiology 77 (2021) 482-491 487

patients is associated with significantly lower severity and
mortality than the control group.

Incidence and Severity of COVID-19 with CCBs, [3-blockers, and
diuretics

We next examined whether prior usage of other antihyperten-
sive medications exhibited an association with the risk and
severity of COVID-19 (Fig. 4). There was no association between
usage of CCBs with incidence (overall OR of 1.15, 95% CI 0.87-1.53)

A Incidence

or severity (overall OR of 0.94, 95% CI 0.80-1.10) of COVID-19.
Heterogeneity between trials was evident for both incidence (I? =
93.61%) and severity (I> = 1711%). Similarly, there was no
association between the use of [3-blockers with incidence (overall
OR of 1.03, 95% CI 0.78-1.35) or severity (overall OR of 1.23, 95% CI
0.74-2.04). There was heterogeneity in incidence (I? = 92.59%) and
severity (I? = 85.42%) with B-blockers. Like CCBs and 3-blockers,
there was no evidence that prior usage of diuretics was associated
with the incidence (overall OR of 0.86, 95% CI 0.54-1.38) or severity
(overall OR of 0.96, 95% CI 0.81-1.15). Heterogeneity was also

D Severity

Heterogeneity: 1= 0.18, I = 56.64%, He = 2.31
Q(i1)=22:85,p=0.02

Overall 0.92[0.74, 1.13]
Heterogenety: 12 = 0.2, 2 = 84.72%, He = 6.54

Test of 8, = 8; Q(37) = 217.30, p = 0.00

Odds Ratio  Weight Odds Ratio  Weight
Study Drug Favors ACEI/ARB _Favors Control with 95% CI (%) Study Drug Favors ACEI/ARB Favors Control with 95% CI (%)
Chang et al. 2020 ACEI [ ] 096(0.64, 1.43] 2.98 Bean et al. 2020 ACEVARB 063(0.47, 0.84] 3.63
Chang etal. 2020 ARB u 120(084, 1.71] 3.25 Bravi et al. 2020 A 2.28(1.73,3.00] 3.67
De abajo et al. 2020 ACEI | | 1.13[0.97, 1.31] 4.40 Bravi et al. 2020 ARB 285(2.14, 3.81] 3.63
De abajo et al. 2020 ARB o 1.70[1.45,1.99) 4.37 Bravi et al. 2020 ACEVARB 298(238, 3.73] 3.76
Dublin et al. 2020 ACEVARB u 094(076, 1.17] 4.05 Chang et al. 2020 ACEI 0621016, 2.48] 125
Dublin et al. 2020 AcCE! ] 092(073, 1.15] 3.99 Chang et al. 2020 ARB 050[0.12,202] 122
Dublin et al. 2020 ARB n 1.00[0.77, 1.80] 877 Choi et al. 2020 ACEIARB 0.37[0.22, 0.63] 3.02
Fosbol et al. 2020 ACEVARB [ 105(081,137] 877 Do abajo etal. 2020 ACEl 092[0.65, 130 351
Fosbol et al. 2020 ACEI | | 085(0.71,1.02] 4.24 De abajo et al. 2020 ARB 125[0.89, 1.76] 350
Fosbol et al, 2020 ARB ] 1.15(0.96,137) 4.26 De Spiegeleer etal. 2020  ACEVARB 048011, 2.13] 1.12
Huh etal. 2020 ARB u 1.13[1.01, 1.26] 4.56 Ebinger et al. 2020 CEl 0.48[0.22, 1.04) 2.35
Huh et al. 2020 ACEI u 125091, 1.71) 347 Ebinger et al. 2020 ARB 1.05(054, 2.05] 263
Khera et al. 2020 ACE ] 077[059, 1.13] 3.09 Feng Yun ot al 2020 ohine 040[005,3.29) 065
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Fig. 2. Incidence and Severity of COVID-19 with ACEIs/ARBs. We pooled data from ACEIs, ARBs, and a combination of ACEIs/ARBs to perform meta-analyses on the A)
incidence, B) hospitalization, C) ICU admission, D) severity, and E) mortality. Statistics are provided in the forest plots.
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; ICU, intensive care unit.
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Fig. 3. Incidence and Severity of COVID-19 with ACEIs/ARBs in Hypertensive Patients. We pooled data from ACEIs, ARBs, and a combination of ACEIs/ARBs to perform meta-
analyses on the A) incidence, B) severity and C) mortality of COVID-19 in hypertensive patients. Statistics are provided in the forest plots.
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.

observed with diuretics and the incidence of COVID-19 (I =
97.26%). Together, there was no evidence for an association
between prior usage of these antihypertensive medications and
risk or severity of COVID-19 in patients taking any of these
antihypertensive medications.

Assessments of publication Bias and quality of studies and sensitivity
analysis

To assess publication bias, we constructed funnel plots of all the
parameters that were tested (Online Fig. 1). Additionally, two
independent reviewers performed the quality assessment, while
two others confirmed results using the Newcastle-Ottawa Quality
Assessment (Online Tables 1 and 2). Finally, to determine if
removing a study would skew the results, we performed sensitivity
analyses on all the parameters that we examined in the main text.
Results can be found in Online Figs. 2-4.

Discussion

The pandemic has disproportionately affected the lives of
patients with cardiovascular comorbidities [17]. Although many
variables may contribute to this outcome, we sought to address
whether prior usage of antihypertensive medications is associated
with the risk and severity of COVID-19 in this study. Our motivation

A Calcium Channel Blockers B

p-blockers C

stems from two factors. First, a previous study suggests that
antihypertensive drugs may increase the expression of ACE2—a
protein that is paramount for SARS-CoV-2 viral infection [4].
Second, there is high mortality in patients with cardiovascular
complications [13-16].

We identified 53 studies that satisfied our inclusion criteria,
which comprised 39 cohort and 14 case-control studies (Fig. 1). The
characteristics for these studies are detailed in Table 1. The studies
included a total of 2,100,587 patients. Meta-analyses were
performed to determine the risk and severity of COVID-19 in
patients with prior usage of ACEIs/ARBs. We observed no evidence
of an association with regards to incidence, hospitalization,
severity, and mortality.

Since the findings in Fig. 2 included both non-hypertensive
and hypertensive patients, we determined whether there was
an association of prior usage of these medications and the risk
and severity of COVID-19 in hypertensive patients (Fig. 3). We
noted that severity (p < 0.05) was significantly lower in
hypertensive patients taking ACEIs/ARBs than controls. Addi-
tionally, mortality was significantly lower in patients taking
ACEIs/ARBs versus control patients (p < 0.01). These findings
support the benefits of using ACEIs/ARBs in hypertensive
patients. Therefore, our analyses suggest that abstaining from
ACEIs/ARBs, especially in the context of hypertensive patients,
will not provide benefits.
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Fig. 4. Incidence and Severity of COVID-19 with CCBs, 3-blockers, and diuretics. Severity and mortality of COVID-19 with the usage of A) CCBs, B) 3-blockers, and C)

diuretics. Statistics are provided in the forest plots.
CCB, calcium channel blocker.
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Additionally, we examined whether other commonly pre-
scribed antihypertensive medications are associated with the risk
and severity of COVID-19. There was no evidence of an association
between taking these antihypertensive medications (CCBs,
B-blockers, and diuretics) and the incidence and severity of
COVID-19. With the leave-one-out-meta-analysis (Online Figs. 2—
4), there were no significant differences in most of the parameters
except for a significant increase in ICU admission, with more ACEIs/
ARBs patients being admitted, when the study of Felice et al. was
excluded (Online Fig. 2) [19]. However, severity, a parameter that
takes into account ICU admission, mechanical ventilation, duration
of hospital stay, hospital admittance, noninvasive ventilation, and
organ dysfunction, was not significantly different between ACEIs/
ARBs and control patients. Therefore, caution is required for the
interpretation of the ICU admission findings.

Multiple studies have reported high mortality in patients with
cardiovascular complications [12-15]. Our results suggest that
taking antihypertensive medications did not increase the inci-
dence or severity of COVID-19 in patients taking antihypertensive
medications. In fact, ACEIs/ARBs may be beneficial in hypertensive
patients. Our findings do not support abstaining from antihyper-
tensive medications when patients are already taking them.

Additionally, it is critical to note that data regarding ACE2
expression with the usage of antihypertensive medications
remains controversial, with some studies reporting an increase
[8-12], while others show no changes [23,24]. Therefore,
additional studies are required to test the effects of antihyperten-
sive medications on ACE2 expression, as well as applicability of the
findings across species. Current data support potential benefits
compared to harms in the use of RAAS blockers in patients [25].
Our meta-analysis of currently available data further support the
lack of an association between antihypertensive medications and
the risk or severity of COVID-19.

Our current study provides several advantages relative to
previous meta-analysis studies [26-31]. In contrast to previous
meta-analysis studies, which analyzed approximately 9-16
records, our study included 53 records to generate a large dataset.
Additionally, while other studies primarily focused on assessing
ACEIs/ARBs, our study included analyses of other antihypertensive
drugs such as CCBs, [3-blockers, and diuretics. New insights from
the comprehensive meta-analysis in the current study have
important implications in clinical decisions.

Limitations

There are some limitations in the current study. Only
observational studies are currently available in the literature
due to the urgency of the pandemic resulting in the need to rapidly
gather information. There were no available RCTs. Additionally,
some studies did not provide ORs, necessitating the calculation of
the values without adjustment for age, sex, and underlying
comorbidities. Nonetheless, by taking advantage of meta-analysis
on the large available and up-to-date dataset of more than two
million patients, these observational studies can be impactful to
drive clinical decisions.

Conclusions

Based on all currently available literature, the usage of
antihypertensive drugs is not associated with the risk and severity
of COVID-19. It is not recommended to abstain from the use of
these drugs in COVID-19 patients, especially those with hyperten-
sion. More clinical trials are needed to further validate these
findings.
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